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The optic nerve (ON) comprises axons of retinal ganglion cells
(RGCs) and support cells. At 50 mm in length, it consists the
following four segments: intraocular (1 mm), intraorbital (24
mm), intracanalicular (9 mm), and intracranial (16 mm). The
ON may be injured in trauma, resulting in visual loss and this
is known as traumatic optic neuropathy (TON). This occurs
from either direct or indirect trauma and both primary and
secondary mechanisms of damage have been proposed.1–4

In direct trauma, stress is applied directly to the ON and is
often when orbital fracture fragments lacerate the it or when

mechanical contusion/concussion.5 The ON commonly sus-
tains indirect trauma,where stress is transmitted through the
oculofacial soft tissues and skeleton. The resultant coup–
contrecoup forces damage the nerve at transitions between
mobile and fixed segments. Commonly, this occurs at the
junction of the intraorbital and intracanalicular segments.
This results in compression and disruption of pial vessels
within the canal, limiting vascular supply of the ON.6,7

In a study of 42 patients with TON,8 the frequency of site of
injury was: intracanalicular (71.4%) > orbital apex (16.7%) >
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Abstract The aim of this article is to evaluate current literature on investigation andmanagement
of traumatic optic neuropathy (TON), propose recommendations for diagnosis and
management, and explore novel future treatments. TON, though uncommon, causes
substantial visual loss. Without clear guidelines, there is much ambiguity regarding its
diagnosis and management. Investigation and treatment (conservative, medical,
surgical, and combined) vary widely between centers. Electronic databases PubMed,
MEDLINE, PROSPERO, CENTRAL, and EMBASE were searched for content that matched
“Traumatic optic neuropathy.”Articles with abstracts and full text available, published in
the past 10 years, written English and limited to human adults, were selected. All study
designs were acceptable except case reports and case series with fewer 10 patients. All
abstracts were then evaluated for relevance. References of these studies were evaluated
and if also relevant, included. A total of 2,686 articles were retrieved and 43 examined
for relevance. Of these, 23 articles were included. TON is a clinical diagnosis. Visual-
evoked potential is useful in diagnosis and prognosis. Computed tomography demon-
strates canal fractures and concomitant injuries. Magnetic resonance images should be
reserved for select and stable patients. Conservative treatment is appropriate in mild
TON. Steroids are of questionable benefit and may be harmful. Surgery should be
reserved for patients with radiological evidence of compression and individualized.

received
March 25, 2014
accepted after revision
May 3, 2014
published online
November 25, 2014

Copyright © 2015 by Thieme Medical
Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA.
Tel: +1(212) 584-4662.

DOI http://dx.doi.org/
10.1055/s-0034-1393734.
ISSN 1943-3875.

Review Article 31

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

mailto:gangadhara_sudnar@nuhs.edu.sg
http://dx.doi.org/10.1055/s-0034-1393734
http://dx.doi.org/10.1055/s-0034-1393734


both (11.9%). This is supported by static loading studieswhich
demonstrate that force applied to the superior orbital rim is
transferred and concentrated on the orbital roof and optic
canal.8 The next most common site is within the anterior
cranial fossa where the intracranial ON lies close to the
falciform dural fold.9

Primary damage occurs when there is an immediate
disruption (direct trauma) or shearing (indirect trauma) of
RGC axons. The inflammation and vascular dysfunction that
follows gives rise to secondary damage. Though the patho-
physiologies of bothmechanisms differ greatly, patients often
have elements of both.

A 5-year British study of TON in the general population
reported 121 cases.10 Of those, 79% were male with a median
age of 31 years and significantly, 21% were younger than
18 years. Common etiologies were falls (26%), motor vehicle
accidents (21%), and assaults (21%). In the trauma setting, a
20-year study at the largest level 1 trauma center in Canada
reported 0.4% of all trauma (injury severity score [ISS] > 12)
patients had TON.11 Of those, 76% were male with a median
age of 33.5 years. Significantly, all patientswith TONhad head
injuries (two-third had a significant head injury—Head injury
Abbreviated Injury Score [HAIS] � 4). However, only 2.3% of
patients with head injury suffered concomitant TON. The
most common etiologywasmotor vehicle accidents (63%) but
patientswith falls (secondmost common etiology)weremost
likely to develop TON.

A retrospective study on TON in pediatric patients (<
18 years; mean age, 11.6 years; 43 affected eyes) yielded
similar results to adult studies.12 Overall, 60% were males,
common etiologies included motor vehicle accidents (62%)
and sports injuries (22%). About 78% of cases were because of
blunt trauma.

Iatrogenic TON is an understudied cause of postoperative
blindness. It can occur during orbital surgery,13 Le Fort I
osteotomies,14 maxillofacial fracture fixation,15,16 and endo-
scopic sinus surgery.17–19 In patients with chronic sinusitis,
the ON may protrude and complicate sphenoidal sinus sur-
gery. Among 260 patients with chronic inflammatory sinus
disease, ON protrusion occurred in 28% of cases. Overall, 12%
of ON indented the sinuswall and 8% of them coursed through
it.20

Risk factors for TON include loss of consciousness and
injury to the superolateral orbital region.21 Spontaneous
improvement in vision can occur and time from injury to
the presentation should be documented. Concomitant head
injury can leave the patient obtunded, making assessment
difficult and delaying the diagnosis.22Decreased visual acuity
(VA) is observed with 40 to 60% of patients presenting with
light perception or worse.21,23 This is associated with a
relative afferent pupillary defect (RAPD), except in cases of
symmetrical bilateral TON.24 There may be impaired color
vision and variable visual field defects.

Initial fundoscopy is of value in detecting patients with
anterior optic nerve injury with associated optic nerve head
swelling and adjacent retinal hemorrhages and to rule out
preexisting optic neuropathy (optic nerve head pallor) or
retinopathy/maculopathy as a preexisting cause of visual loss

and RAPD. However, in cases of posterior injuries (more
common), a normal fundus is seen. In a study of 27 patients,
89% had a normal fundus.25 ON avulsions may be visualized
on funduscopy as well. Optic atrophy may develop but is only
evident after 4 to 6 weeks.26

At present, no clear indications or contraindications for
choice of imaging or treatment of TON have been proposed. In
addition, treatment (corticosteroids and surgery) largely
minimizes damage but in the future, neuroprotection and
neuroregeneration may be possible.

Materials and Methods

A search of PubMed, MEDLINE (Medical Literature Analysis
and Retrieval System Online), PROSPERO (International pro-
spective register of systematic reviews), CENTRAL (the Co-
chrane library), and EMBASE (Elsevier) electronic databases
for publications with content matching the term “traumatic
optic neuropathy”was performed. Articleswith abstracts and
full text available, published in the past 10 years, written in
English, and limited to human adults (older than 18 years),
were selected. All study designs were acceptable except case
reports and series with fewer than 10 patients. All abstracts
were evaluated for relevance. References of these studies
were evaluated as well and if relevant, included. Articles on
the investigation, management (conservative, medical, surgi-
cal, and combined), and future treatment (neuroprotection
and neuroregeneration) of TON were included.

Results

The electronic database search yielded 2,689 articles (PROS-
PERO, 0; CENTRAL,7; PubMed/MEDLINE, 2,682; and Em-
base,0). Of these, 43 articles had available abstract and full
text, were written in English, not older than 10 years, and
were limited to human adults. Of these articles, nine were
found to be relevant. The references of these articles were
evaluated, and further 14 articles were added. Hence, a total
of 23 articles were reviewed in this study. This has been
summarized in ►Fig. 1.

The details of these studies have been summarized
in ►Table 1. There were zero randomized controlled clinical
trials, one meta-analysis, seven prospective studies, six ret-
rospective studies, five reviews, three case series, and one
expert opinion which resulted in a mean level of evidence of
2.8. The level of evidence was determined according to the
definitions stated in ►Table 2.

Of these 23 articles, 8 articles investigated the choice of
imaging, 14 articles investigated choice of treatment, and 1
explored future treatments of TON. To supplement the review
of these articles and substantiate or refute their claims,
wherever appropriate, the authors have cited relevant studies
outside the inclusion criteria. These include older trials on
TON, studies on the efficacy and safety of intravenous cortico-
steroids in acute trauma, evaluation of surgical approaches
and techniques as well as experimental animal model studies
that explore possible neuroprotective and neuroregenerative
strategies.
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Discussion

Investigation
Investigations are performed for diagnosis, prognosis, and
preoperative planning. Some institutions include neuroim-
aging in the management of all patients with TON, whereas
others reserve it for severe cases or before considering

treatment.27–29 To further compound this, there are many
modalities available to choose from.

Investigations not only evaluate the ON but can diagnose
concomitant (intraocular, extraocular, orbital, and cranio-
maxillofacial) injuries. These include intracranial hemor-
rhage, fractures of the craniomaxillofacial skeleton,
disruption of the globe, retro orbital hemorrhages, periorbital
hematomas, and other traumatic neuropathies.

In a study of 24 patients with TON,30 computed tomogra-
phy (CT)/magnetic resonance imaging (MRI) of the brain and/
or orbit revealed that 19 patients (79.2%) presented with
more than one bony fracture of the skull and 7 patients
(29.2%) had intracranial bleeding. However, none of the
patients had evidence of ON compression. The most common
associated eye injuries seen were periorbital hematomas
(91.7%) and subconjunctival hemorrhage (83.3%) which are
benign and do not threaten life nor sight. Hematomasmaynot
always be insignificant as they can compress the ON if in the
right position and of sufficient size.31 In a retrospective
analysis of 354 cases of maxillofacial trauma, 2.25% were
diagnosed with TON. The results of which suggested associ-
ations between TON and zygomatic, Le Fort II, and cranial
bone fractures and radiological evidence of blood in the
posterior ethmoidal cells. Some studies question the utility
of neuroimaging as there is no consistent correlation between

Search results for “traumatic optic neuropathy” 
CENTRAL, EMBASE, PROSPERO, PubMed/Medline 

2,689 articles 
  

Abstract and full text available 
1,499 articles 

  
Published in the last 10 y 

893 articles 
  

Written in English 
823 articles 

  
Limited to adult humans  

219 articles 
  

Appropriate study design 
43 articles 

  
Relevant articles 

9 articles 
  

After evaluation of references 
24 articles 

Fig. 1 Literature search results.

Table 1 Included studies

No. Author Year Study design Sample size Level of evidence

1 Steinsapir et al 2011 Review 3

2 Warner and Eggenberger 2010 Review 3

3 Steinsapir and Goldberg 2005 Review 3

4 Ropposch et al 2013 Retrospective 42 3

5 Agrawal et al 2013 Review 3

6 Yu-Wai-Man and Griffiths 2013 Meta-analysis 1

7 Lee et al 2010 Retrospective 24 3

8 Kubal 2008 Expert opinion 5

9 Lee et al 2004 Retrospective 23 3

10 Yeh and Foroozan 2004 Review 3

11 Holmes and Sires 2004 Prospective 11 2

12 Bodanapally et al 2013 Prospective 12 2

13 Li et al 2014 Prospective 28 2

14 Shi et al 2013 Prospective 54 2

15 Ustymowicz et al 2009 Prospective 72 2

16 Rajiniganth et al 2003 Prospective 44 2

17 Li et al 2008 Prospective 237 2

18 Wang et al 2008 Retrospective 46 3

19 Chen et al 2007 Case series 30 4

20 Yang et al 2006 Case series 12 4

21 Yang et al 2012 Retrospective 96 3

22 Chen et al 2004 Case series 11 4

23 Yang et al 2004 Retrospective 42 3
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the finding of an optic canal fracture, the severity of visual
loss, and prognosis for visual recovery.29,32

CT scans are the most versatile and appropriate radiologi-
cal investigation in cases of ocular and orbital trauma.33–35

They allow visualization of intraocular lesions including
foreign bodies and subluxated lenses as well as extraocular
lesions such as fractures. An ultrasound cannot be performed
in an open globe injury (whereas aflat tire sign can be seen on
a CT scan) and an MRI is contraindicated when a ferromag-
netic foreign body is suspected. A CTscan is adequate for most
foreign bodies except small pieces of glass and wood. In
addition, in trauma, time is precious (CT scans are much
faster than MRI scans) and multiple CT scans will already be
performed (head, face, neck, etc.), making it easy to include an
additional CT scan of the orbits.

Visual-evoked potential (VEP) has been described as an
adjunctive investigation particularly useful in patients who
are obtunded from their initial injury,36 thosewith unreliable
pupillary responses and in cases of bilateral TON. It offers an
objective assessment of the electrophysiological health of the
ON and visual pathway. Both pattern reversal and flash VEP
testing have been described as accurate in predicting VA in
the literature36,37 with a reduction of amplitude and latency
in the flash VEP being of particular importance.37 The pres-
ence as well as amplitude of VEP has been demonstrated to be
predictive of long-term outcome. When the VEP is absent,
recovery of vision is unlikely. VEP testing should be per-
formed bilaterally, using the normal side as a control. When
the VEP amplitude is within 50% of the normal side, the
patient might have a favorable outcome.33,36

Though it is useful in assessing the severity aswell as visual
recovery potential of the patient, it is logistically difficult to
move the required equipment to the bedside, especially in the
case of a patient with multiple life-threatening injuries being
resuscitated in the accident and emergency. A portable VEP, if
available,maybe used to overcome this. Another shortcoming
would be that in patients with concomitant injury to the
visual centers of the brain, abnormal VEP results might be
obtained when the ON is in fact normal and undamaged.

In the literature, reduction in diffusion tension imaging
(DTI) parameters (fractional anisotropy, mean diffusivity,
axial diffusivity, and radial diffusivity) have been correlated
with ON damage.37–39 In another study investigating ON
regeneration following intravitreal implantation of a periph-
eral nerve graft in rats,Mn(2 þ )-enhancedMRI (MEMRI) and

DTI findings were correlated with immunohistochemical
evidence of axon regeneration.40,41

Several studies have employed optical coherence tomog-
raphy (OCT) to document thinning of the retinal nerve fiber
layer (RNFL) following trauma to the ON.42–44 It takes time for
this thinning to occur, and in the acute trauma scenario it may
not be possible to sit the patient up to perform the OCT,
reducing its utility in diagnosis. However, it may be useful for
documenting the progression of damage over time and can be
employed as part of the long-term follow-up after the injury.
When comparing RNFL thinning to macular thinning, the
former thinned to a greater degree and at a faster rate.39

In an ultrasound Doppler study of the central retinal artery
(CRA) following TON, hemodynamics was significantly re-
duced.45 Specifically, peak systolic velocity (PSV), end dia-
stolic velocity (EDV), and time average mean velocity (TAMX)
were reduced. This was corroborated by a second study
showed a reduction in PSV and EDV in the ipsilateral, and
PSV in the contralateral CRA.46

Prognosis
Patients with TON, who sustain indirect trauma, do not lose
consciousness, have a good initial VA, have lower grade RAPD,
and show signs of visual recovery within 48 hours have a
better prognosis.47 Absence of an optic canal fracture has
been found to be a good prognostic factor in some studies but
not in others.48,49 If picked up early, iatrogenic TON because
of impingement of the ON by orbital plates, bears a good
prognosis. Adjusting the position of the plate relieves the
compression and the TON may resolve.

Management
Treatment of TON is controversial and multiple approaches
have been proposed. These include conservative, medical,
surgical, and combined management. Where indicated (evi-
dence of ON compression), surgical decompression can be
individualized and performed. In other cases, conservative
management may be all that is necessary.

Conservative
A visual recovery rate of 40 to 60% has been reported in
indirect TON cases managed conservatively, with baseline VA
being the most important predictor of the final outcome.48,49

These figures are very much comparable with those achieved
in patients treated with steroids, surgery, or a combination of
both.50However, these results may be biased as patients with
good initial VA would more likely be treated conservatively.

Medical
Corticosteroids have been used to treat TON since the early
1980s following animal studies that demonstrated their
neuroprotective effects after trauma. The positive effects
observed included improved microcirculation, energy me-
tabolism, postinjury histology, and functional outcomes.2,8,37

In addition, the ability of steroids to reduce swelling and their
antioxidant properties have been postulated to be of bene-
fit.51 Though promising, these initial studies were anecdotal
and inadequate as they were nonrandomized, retrospective,

Table 2 Levels of evidence

Level I: Evidence based on large randomized, controlled
trials or meta-analysis of randomized, controlled trials

Level II: Evidence based on controlled study without
randomization

Level III: Evidence based on nonexperimental descriptive
studies

Level IV: Evidence based on case-series

Level V: Evidence based on expert opinion
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and did not have controls making it difficult to draw
conclusions.

With various agents, modes of administration, dura-
tions, and dosages, medical treatment can be highly vari-
able. Using the example of methylprednisolone, dosages
can be low (< 100 mg/d), moderate (100–499 mg/d), high
(500–1,999 mg/d), very high (2,000–5,400 mg/d), and
megadose (> 5,400 mg/d).

Corticosteroids have showed efficacy in the treatment of
acute spinal cord injury and this finding formed the basis for
its application in the treatment of TON. National Acute Spinal
Cord Injury Study (NASCIS) I, II, and III comprise a series of
three randomized controlled clinical trials evaluating the use
of high-dose corticosteroids in the treatment of acute spinal
cord injury. NASCIS I and II investigated if treatment resulted
in better outcomes or not. It concluded that if steroid therapy
was implemented within 3 hours of injury, there was no
difference in outcomes but if given within 3 to 8 hours of
injury, it is associated with improved outcomes.52 NASCIS III
investigated the duration of treatment and concluded that
when steroids were given within 3 to 8 hours of injury,
continuing the treatment for 48 hours was associated with
better outcomes than if it was only continued for 24 hours.53

However, both the results and applicability of these stud-
ies have been called into question. In NASCIS, the randomiza-
tion process was possibly imbalanced and may have favored
the steroid group. After 1 year of treatment, the mean differ-
ence between the steroid and placebo groups indicated a
statistically significant benefit only for motor scores but not
sensory scores. Even so, this result was obtained from a post
hoc analysis of a subgroup of the trial (129 of 487 partic-
ipants) andmay not be representative. The same analysis also
suggested use of steroids may be detrimental to treatment as
in the group of patients treated with steroids more than 8
hours from injury, as outcomes were poorer when compared
with patients in the placebo group. These studies investigate
the treatment of injury to the spinal cord, which consists of
both gray and white matter whereas the optic nerve only
consists solely of white matter. This histological difference
may not allow for the results of these studies to be directly
applied to the treatment of TON.54,55 In addition, differences
in vascular supply (large anastomoses instead of end vessels)
and bony cavity in which it sits (wide vertebral canal instead
of narrow optic canal) make comparison between the spinal
cord and optic nerve difficult.

A randomized, double blind, placebo-controlled clinical
trial compared the effect of intravenous high-dose cortico-
steroid therapy to placebo for the treatment of recent TON.56

Rajiniganth et al concluded there was no difference in im-
provement in VA between treatment arms. This was corrob-
orated by two other studies,25,30 one of which also concluded
that even in patients with poorer initial visual function,
outcomes were similar with or without the use of steroids.

In addition to the efficacy of corticosteroids, their adverse
effects should be considered aswell. In an experimental study
comparing the use of high, very high, and megadoses of
methylprednisolone and saline for the treatment of optic
nerve crush injuries in a rat model,51 saline-treated rats

retained the greatest number of axons and there was a
dose-dependent decline with increasing dosages of methyl-
prednisolone used.

A large number of patients presenting with TON have
concomitant head injury. As such, it is prudent to investigate
the implications of steroid treatment for traumatic brain
injury (TBI). The corticosteroid randomization after signifi-
cant head injury (CRASH)was amulticenter, randomized, and
placebo-controlled study that investigated the efficacy and
safety of corticosteroids (methylprednisolone, 2 g loading
dose, 0.4 g/h infusion for 48 hours) in patients with acute
TBI. The study was aborted even before recruitment was
completed as preliminary results showed an increased risk
of death within 14 days after corticosteroid treatment was
started.57,58

Other complications include gastrointestinal bleeding,
wound infections, pneumonia, pancreatitis, sepsis, and acute
psychosis, with the last four being observed with the use of
higher doses of methylprednisolone.59 The duration of ste-
roid application between studies is highly variable. Some
studies began to taper the dose of steroids after 11 days and
others ceased steroids completely after 9 days of treatment.

Surgery
Options for surgical management of TON include partial
removal the bony optic canal (in cases of optic canal fracture
fragments impinging the ON), ON fenestration and opening
up the annulus of Zinn.26 These procedures principally serve
to decompress the optic canal and ON as swelling and the
resultant vascular compromise can cause secondary dam-
age.60 There are multiple surgical techniques described in the
literature that include intracranial, transethmoidal, endo-
nasal and sublabial approaches, and both endoscopic as
well as open surgery can be performed.61,62 In addition to
choice of treatment, the timing of its implementation is
debatable as well and there is no consensus about the gold
standard of surgical treatment.

Various case studies have showed benefit from optic canal
decompression surgery. However, the data are largely from
small retrospective studies and comparison of studies is very
difficult as there is a wide range of intracranial and extracra-
nial techniques used. Inconsistent adjuvant steroid regimes
provide another confounding factor, as does a recruitment
bias toward a subgroup with worse baseline visual acuities or
failure of corticosteroid treatment.

The International Optic Nerve Trauma Study (IONTS)was a
nonrandomized, multicenter trial that looked at 133 patients
with TONwhowere given either conservative (no treatment),
medical (methylprednisolone), or surgical (optic canal de-
compression) treatment.63 It was a randomized clinical trial
that was subsequently converted into a nonrandomized
comparative study as patients who did not improve with
steroid therapy were then also surgically managed.

The IONTS lacked uniformity regarding corticosteroid
dose, timing of treatment, and indications for optic canal
decompression. In the study, neither high-dose steroid ther-
apy nor canal decompression surgery conferred any addition-
al benefit compared with close observation. Significantly, a
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large percentage (57%) of those not treated showed three or
more lines of improvement in VA.

The documented improvement after ON decompression
with or without steroid therapy varies from 27 to 82%.64,65

The authors believe that these figures have such a large range
due to poorly defined indications for decompression surgery.
Hence, for surgery to be of benefit to the patient, it should only
be performed when there is radiological evidence of optic
canal fracture (and impingement of ON by fracture fragment),
intraneural edema or an ON sheath hematoma.When incising
the ON sheath, one should do so superomedially to avoid the
ophthalmic artery that often runs inferolaterally.

The safety of surgical intervention has been examined in
numerous studies and reported complications include injury
to the ophthalmic artery, injury to the carotid artery, cere-
brospinal fluid (CSF) leak, meningitis, and intraorbital infec-
tions.66 Complications may also be due to approach itself and
a cadaveric study showed that transsphenoidal medial wall
decompression of the ON canal with dural sheath opening
might induce physical damage to the nerve.67

Endoscopic ON decompression (EOND) is an alternative to
open surgery and is often done with an endonasal trans-
sphenoidal approach, accessing the optic canal above the
opticocarotid recess.68–70 This offers a less morbid approach
that heals without a visible scar. With this approach, the roof
andmedial wall of the optic canal can be removed, annulus of
Zinn opened and ON sheath incised. Other approaches in-
clude transconjunctival71 and transcranial (with extradural
anterior clinoidectomy).72

In a study of 96 patients on whom endonasal transsphe-
noidal EOND was performed, results were far from satisfac-
tory with only 40.6% of patients demonstrating at least
improvement of one line on a Snellen chart.73 Subgroup
analysis of patients who presented with light perception
versus no light perception showed a large difference in
efficacy between the two at 83.3 to 26.4%. This suggests
that with a VA of at least light perception, EOND should be
efficacious but in patients with no light perception, other
approaches may be required. A study of 41 children (43 eyes)
similarly concluded that the initial VA and the time difference
between injury and surgery are the most important factors
affecting prognosis.74 Interestingly, it also concluded that age
of the patient does not influence the outcome of EOND.

In patients with epistaxis and TON, there should be a
suspicion of carotid cavernous segment pseudoaneurysm and
these patients should not undergo EOND.75 Instead, vascular-
enhanced CT and digital subtraction angiography should be
employed for diagnosis and promptly treated with vascular
embolization (either stent or coil) as it can be fatal. In cases
with CSF leakage, a transcranial approach through a supraor-
bital keyhole is more appropriate.76 The optic canal can be
decompressed superiorly through the removal of its roof and
anterior clinoid process and dural defect repairedwith tensor
fascia lata grafts anchored using fat or tissue glue.

Combined
Surgery has often been combined with medical therapy and
vice versa in the treatment of TON; either synergistically or

after one type of treatment fails to yield any improvement in
vision. However, a study of 42 patients with TON did not find
any significant differences in improvement of vision between
the steroid and steroid with surgery arms.77

Timing of Intervention
The contrasting results of two studies from theMassachusetts
Eye and Ear Infirmary emphasize the importance of early
diagnosis and prompt management. From 1976 to 1987, 33
cases of TON were seen with 6 (18%) having no light percep-
tion vision and 9 (27%) having visual improvement.78 From
1987 to 1989, 14 cases of TON were seen with 5 (36%) having
no light perception but with prompt diagnosis (within 1
week) and treatment (optic canal surgery, when indicated,
was done within 24 hours) 11 (79%) experienced visual
improvement.64 Even though the second population had a
poorer prognosis, with prompt diagnosis and treatment,
outcomes were better.

Neuroprotective and Neuroregenerative Treatments
Following an insult to a neuron from the central nervous
system (CNS), it fails to regenerate. In addition, undamaged
neurons have only a limited ability to form compensatory
circuits, and there is relatively little replacement of lost
neurons, placing severe constraints on functional recovery.79

Possible explanations for these include a decline in the
intrinsic growth capacity of a neuron, inadequate levels of
trophic factors, and the inhibitory environment at the site of
injury. Hence, for both the anatomical and functional recov-
ery of the ON to occur following trauma, both neuroprotec-
tion (promoting RGC survival by limiting apoptosis) and
neuroregeneration need to take place.

Crystallin
The neuroprotective and axon growth promoting effects of
lens injury have been attributed to certain purified lens
proteins (crystallins). It is a member of the small heat shock
protein family and has the potential to act as an anti-inflam-
matory agent in the neuroprotective process. Alpha-crystallin
(α-crystallin) has been shown to promote RGC survival by
two mechanisms, namely, retinal microglial cell inhibition
and inhibition of tissue necrosis factor α-(TNF-α) and iNOS
protein expression.80 Beta/gamma crystallin (β/γ crystallin)
promotes infiltration of activated macrophages and activates
retinal astrocytes, Müller cells and resident Microglia. In
addition, β-crystallin induces astrocytes to produce ciliary
neurotrophic factor (CNTF). These effects ultimately culmi-
nate in RGC survival and axonal regeneration with greater
effects seen in β/γ-crystallin use compared with α-crystallin
use.81

Erythropoietin
In a study comparing intravitreal erythropoietin (EPO) and
conservative management for patients with indirect TON,
patients treated with EPO showed a greater improvement in
best corrected visual acuity (BCVA).82 This was supported by
studies showing the neuroprotective and neuroregenerative
effects of EPO in axotomized rats.83,84 Apart from transient

Craniomaxillofacial Trauma and Reconstruction Vol. 8 No. 1/2015

Traumatic Optic Neuropathy Kumaran et al.36

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



hypotension during the infusion, there were no adverse drug
reactions reported with the use of EPO in the study. A
multicenter trial, Traumatic Optic Neuropathy Treatment
Trial (TONTT), sponsored by the Tehran University of Medical
Sciences, compares the use of EPO tomethylprednisolone and
is currently recruiting patients.

Glutamate Inhibitors
Glutamate is themajor excitatory neurotransmitter in the eye
that induces RGC apoptosis via binding to N-methyl diacetyl
aspartate (NMDA) and kainate receptors. Glutamate inhib-
itors and NMDA receptor antagonists have been shown to
promote RGC survival in rat models of ON injury.85

Lomerizine
The increase in intracellular calcium, via the activation of
caspases and other substances and pathways within the
neuron, plays an important role in apoptosis in the ON. The
administration of lomerizine, a new calcium channel blocker,
has been shown to reduce macrophage aggregation, reduce
oxidative stress, and protected RGCs from secondary death.
However, it did not prevent demyelination of the ON.86,87

Minocycline
Minocycline, a broad spectrum tetracycline antibiotic has
been investigated as a potential treatment for primary open
angle glaucoma as it has been shown to promote trabecular
meshwork cell and ON head astrocyte survival.88 This anti-
apoptotic effect has also been demonstrated in the RGCs of
rats with glaucomatous eyes and following ON transection.89

Neurotrophic Factors
Neurotrophic factors such as brain-derived neurotrophic
factor (BDNF), and CNTF are essential to RGC survival and
their absence noted in ON damage. Implantation of a seg-
ment of peripheral nerve graft into the posterior chamber of
the eye of rats was found to be sufficient to stimulate the
RGCs to regenerate axons through the ON itself, which
suggested this was possibly due to secretion of trophic
factors by Schwann cells. Following damage to the nerve,
there is loss of retrograde supply of BDNF, which helps
support the survival of existing neurons and encourages
the growth and differentiation of new ones. Administration
of BDNF has shown improved RGC survival.90,91 CNTF on the
contrary, promotes neuroregeneration via neurite extension,
and loss of CNTF receptors at the injury site has been noted in
several studies.

Nonencephalitogenic Myelin Peptides
Modulating the immune response following trauma to the
CNS has shown some promise as it can limit the damage and
promote healing.92,93 Immunization of rats with nonence-
phalitogenic myelin peptides or myelin-based protein (MBP)
triggered a T-cell–mediated immune response that slowed
the degeneration of RGCs following a crush injury.94 Glatir-
amer acetate (Copolymer 1, Cop-1 or Copaxone) is a MBP that
has been approved by the Food and Drug Administration
(FDA) for reducing the frequency of relapses of multiple

sclerosis. These results may one day translate into treatment
for glaucoma and TON.

Oncomodulin
Oncomodulin (Ocm) was shown to be able to cause RGC
axonal regeneration in the presence of mannose cyclic aden-
osine monophosphate (cAMP).95 This was further reinforced
as its immunodepletion eliminated the axonal regeneration
promoting effects of macrophage-conditioned media. Ocm is
a small calcium-binding protein secreted by macrophages
and neutrophils during ocular inflammation and has been
shown to induce greater outgrowth than other factors such as
BDNF, FGF2, CNTF, or GDNF.96 High levels of Ocm messenger
ribonucleic acid and protein have been demonstrated within
1 day of injection of zymosan into the eye.97 Ocm crosses the
inner limitingmembrane and binds heavily to RGCs and their
dendrites as evidenced by studying its displacement of a 22-
aa blocking peptide, a competitive inhibitor of Ocm. This
binding is cAMP-dependent and displacement was not seen
when a cAMP antagonist was added.98 However, Ocm does
not account for all axonal regeneration observed, as there
must be elevated cAMP levels for it to work, suggesting that
factors that cause this elevation are required as well. In
addition, though immunodepleted macrophage–conditioned
media devoid of Ocm does not cause axonal regeneration, it
has been shown to promote RGC survival.

Tacrolimus (FK506)
FK506, a potent immunosuppressant that has been tradition-
ally used to promote graft survival in organ transplantation,
has shown beneficial effects on sciatic nerve recovery in
several animal studies.99,100 FK506 treatment induces fibro-
blast apoptosis and thereby reduces the formation of scar
tissue. This avoids the loss of myelin and, therefore, plays a
protective or a sparing role after injury, which is thought to
aid in ON protection.101 However, much is not known about
its adverse effects with a case report102 even suggesting that
it may be neurotoxic, as a patient developed a common
peroneal nerve palsy with its use.

Therapeutic Hypothermia
A study in Sprague Dawley rats103 concluded that immediate
short-duration hypothermia provides long-term protection
in an in vivo model of traumatic axonal injury. After stretch
injuries to the ON, immediate hypothermia of 32°C for 3 hours
showed statistically reduced axonal degeneration in the core.

Tissue Necrosis Factor-α and Nitric Oxide Synthase
Inhibitors
TNF-α and nitric oxide are both proapoptotic molecules and
their inhibition could lead to greater RGC survival. Adminis-
tration of nitric oxide synthase inhibitors enhanced RGC
survival and delayed retrograde degeneration of RGC axons
after axotomy.104

Ocular Transplantation
Though whole eye (with ON) transplantation may be an
avenue to provide a patient with a complete and intact optical
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system, it is currently unsuccessful in mammals because of
the ganglion cell axons inability towithstand transection, the
inability to maintain circulation to the axons, and finally
immune rejection of the transplant. There is however, evi-
dence of some visual recovery with transplantations in cold-
blooded vertebrates.105

Conclusion

In the light of thefindingsmentioned earlier, the authors have
constructed a clinical pathway (►Fig. 2) for the investigation
and management of TON.
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